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A yearlong hormonal study of immature populations of loggerhead 
turtles (Caretta caretta) and green turtles (Chelonia mydas) inhabiting 
the Indian River in Central Florida, USA, provided information about 
the relationship between serum testosterone levels and life history 
habits. By use of a specific radioimmunoassay, testosterone levels of 
both species were found to remain constant throughout the year with 
only a slight increase in the warmer months. Adrenal production of 
steroids in response to stress does not contribute significantly to 
overall testosterone levels and steroid levels may be reduced for 
turtles held in captivity. Testosterone levels indicate that the sex 
ratios of both species were not significantly different from an expected 
1 female : 1 male ratio. Loggerhead and green turtles may begin 
maturing sexually at a straight line carapace length of 75 cm. Mean 
testosterone levels of the loggerhead population were greater than 
those for green turtles in all four seasons, undoubtedly because the 
loggerheads are older and closer to sexual maturity. 
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INTRODUCTION 
Endocrine studies of endangered sea turtles have been used in 
recent years to better 1mderstand the biology of these great marine 
reptiles (for a review see Owens and Morris, 1985). The entire 
hormonal profile of sea turtles, adult or innnature, is incomplete 
and more research is needed to fully 1IDderstand hormonal control in 
these animals. This research attempts to characterize the role that 
the hormone testosterone plays in the life of an i1TIIIlature sea turtle 
and to gain a better 1IDderstanding of life history attributes for a 
population of yo1IDg green {Chelorfia mydas) and loggerhead (Caretta 
caretta) turtles inhabiting a Central Florida lagoon system. 
The Indian River is a 200 km long brackish water lagoon connected 
to the Atlantic Ocean by several inlets. Both~ mydas and C. caretta 
are knovm to occur in the Indian River (Ehrhart, 1983), but are 
present only as immature animals. Loggerhead turtles in the river 
are larger (mean carapace length 65.8 cm) than green turtles (mean 
carapace length 48.2 cm). Adults of both species are rarely seen. 
The river fits the description given by Carr et al. (1978) as that 
of a developmental habitat, in which the young turtles will spend 
several years living in the protected shallow waters where ample food 
is available. They will then presumably leave the river for other 
habitats, become sexually mature, and take up adult life habits. 
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The Honnone Testosterone 
Testosterone (17Beta-hydro:xy-4-androsten-3-one) belongs to a 
group of steroidal compo1.m.ds referred to as androgens. Androgens 
are produced primarily by the testis where synthesis is controlled 
by luteinizing horllX)ne from the adenohypophysis. Androgens may also 
be produced by the ovaries and the adrenal cortex. All steroid 
hormones are synthesized from cholesterol and have the basic perhydro-
cyclo pentanophenanthene stucture. 
Environmental factors such as photoperiod and temperature regulate 
androgen secretion through the hypothalamo-hypophysial axis in verte-
brates (Norris, 1980). Androgens are transported in the blood by 
plasma proteins to target tissues where they bind to specific receptor 
molecules. Depending on the target, they may act to complete sperm-
atogenesis, induce mating behavior, or stimulate secondary sexual 
characteristics in males. Androgens serve as precursors for estrogen 
synthesis in females. 
Annual Testosterone Cy·cles in · Reptiles 
A major purpose of this study was to determine how serum testos-
terone levels of innnature sea turtles change throughout a period of one 
year. Several studies have dealt with annual cycles of testosterone 
in reptiles. The male Cobra (Naj a naj a) shows high testosterone 
levels when spermatogenesis is occurring and increased testosterone 
levels are correlated with an increase in testis weight (Tam et 
al. , 1969). Changes in testosterone levels closely match changes 
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in spermatogenic activity of male viviparous lizards and levels peak 
during the mating season (Arslan et al., 1978; Bourne et al., 1986; 
Courty and Dufaure, 1982), indicating that testosterone may control 
spermatogenesis and sexual behavior in lizards. 
The annual testosterone profile in male turtles is less clear 
than that of other reptiles. Testosterone levels were lowest during 
times of active spermatogenesis and highest during the mating season 
in Chrysemys picta (Callard et al., 1976; Licht et al., 1985) and 
Chrysemys dorbingni (Silva et al., 1984). This is in contrast to 
Sternotherus odoratus, which shows peaks of testosterone only during 
the spermatogenic season (McPherson et al., 1982; Mendonca and Licht, 
1986). Testudo hermanni testosterone levels are elevated during both 
the mating season and the spennatogenic period (Kuchling et al., 1981). 
It appears that spermatogenesis and testosterone production may be 
regulated by two different gonadotropins in male turtles and that the 
mating behavior can be testosterone dependent or independent, depending 
upon species. 
Testosterone is present in female turtles, usually at much lower 
levels than in males. Since it serves as a precursor in the synthesis 
of estrogen, testosterone levels peak during periods of ovarian growth. 
Females_ picta and~ odoratus have high testosterone levels during 
the spring periovulatory period and in the fall when vitellogenesis 
is occurring (Callard et al., 1978; McPherson et al., 1982). 
The annual testosterone profile of adult sea turtles is incomplete. 
Limited studies have shown that plasma testosterone levels of 
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reproductively active male~ mydas, during the mating season, are 
only half of those seen in the three months prior to mating (Licht 
et al., 1979). Testosterone did not differ between mating and 
nesting female~ _mydas but did fall considerably after nesting 
(Licht et al. , 1980). More complete studies which correlate horm.::me 
levels of adult sea turtles to reproductive condition are needed 
in order to draw conclusions on testosterone's actions. 
Testosterone levels of immature sea turtles have been reported 
for ~ mydas _ (Owens et al., 1978) and C. caretta (Wibbels et al., 
In Press). In a yearlong study, immature male Kemp's Ridleys 
(Lepidochelys kempi) showed peaks of testosterone in the spring 
and summer months while immature females showed a peak in the fall 
(Morris, 1982). Morris believed that temperature influenced testos-
terone levels to a large degree in innnature turtles and several 
studies have indicated that reptilian hormonal levels are temperature 
dependent (Ganzhorn and Licht, 1983; Jalali et al., 1976). Hormone 
production in poikilothermic animals apparently increases with 
higher temperatures and decreases at lower temperatures. Hormone 
secreting tissues would be less active at the lower temperatures. 
Recently it has become apparent that animals held in captivity 
have reduced horroonal levels. Androgen levels were reduced in lizards 
(Bourne et al. , 1986), tortoises (Kuchling et al., 1981) , and turtles 
(Licht et al., 1985) held in captivity when compared to natural 
populations. Mendonca and Licht (1986) found that testosterone 
levels of males. odoratus were reduced 35% within the first 24 hours 
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of cap ti vi ty . These findings show the importance of conducting 
endocrine studies on animals in their natural environment in order 
to determine accurate honoonal levels. 
Testosterone and Sex Determination 
Studies on natural populations of adult sea turtles indicate 
that females may outnumber males significantly (Booth and Peters, 
1972; Ross, 1984). Wibbels et al. (In Press) found that the sex ratio 
of innnature C. caretta from southeastern U.S. coastal waters was 
significantly skewed toward females. An llll.derstanding of sex ratios 
and how they vary can be an important factor in the management of 
sea turtles in general, all of which are regarded as threatened or 
endangered. Adult male sea turtles have longer tails than females. 
However, immature sea turtles, with the exception of older subadult 
males, show no external morphological differences between the sexes, 
making sex determination difficult. Because the tail begins to 
elongate in older subadult males, the ratio of tail length to carapace 
length is significantly greater in irmnature C. caretta males than 
females (Wibbels et al., In Press) and in immature h kempi males 
(Morris, 1982). However, overlap of values makes accurate infield 
predictions of sex based on tail length, difficult for immature sea 
turtles. 
Recently, a radioimmunological method of sex determination 
based on levels of testosterone has. been developed for sea turtles 
(Owens et al., 1978). Immature males are distinguished from females 
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by having higher levels of testosterone. Examination of gonads with 
a laparoscope has verified the predictions of sex. This method of 
sex determination has been used to determine the sex ratios of 
innnature sea turtle populations (Morris, 1982; Wibbels et al., In 
Press) as well as populations of the lizard, Iguana iguana, (Judd et 
al., 1976). This study attempted to use serum testosterone values 
to determine the sex ratio of immature _Q:.._ mydas and C. caretta 
populations living in the Indian River. 
Sexual Maturation 
Testosterone is responsible for development of secondary sexual 
characteristics in male reptiles, a long tail being characteristic 
of adult male sea turtles. Owens (1976) found that injecting immature 
C. mydas with testosterone resulted in penis and tail elongation in 
both sexes. These turtles also attempted to mate. Testosterone 
production increases in sexually maturing animals in response to 
increased gonadotropins. Increases in gonadotropin titers result 
from the hypothalamus becoming less sensitive to the negative feedback 
of testosterone. 
Carr and Goodman (1970) believe green turtles mature at different 
sizes because recaptured nesting females show very little growth; yet 
carapace lengths of nesting turtles vary greatly. The range of 
carapace lengths for green turtles nesting at Melbourne Beach, Florida 
is 83-114 cm (Witherington, 1986) and 88-109 cm at Cape Canaveral, 






turtles range from 81-102 cm at ~~lboume Beach (Witherington, 1986) 
and 74-108 cm at Cape Canaveral (Ehrhart, 1979). It is believed 
that green turtles reach sexual maturity at 18-27 years of age while 
loggerheads take 12-30 years (Frazer and Ehrhart, 1985). This study 
attempts to determine at what size a young sea turtle begins to 
mature sexually by determining the relationship between testosterone 
levels and tail length. It was hypothesized that those animals with 
maturing gonads and developing secondary sexual characteristics would 
have higher levels of testosterone, than animals showing no signs 
of sexual maturation. 
Adrenal Steroid Production 
Most steroids are produced by the gonads in vertebrates, however 
steroidal production by the adrenal glands may add to overall serum 
testosterone levels. Glucocorticoid production by the adrenals 
increases in response to stress (Norris, 1980). Corticosterone is 
the major glucocorticoid in birds, amphibians, and reptiles and is 
released from the adrenals in stressful situations. Corticosterone 
levels have been folilld to be high in adult loggerheads exposed to 
capture and heat stress (Morris and Owens, 1982) and in young 
loggerheads at the time of hatching (Schwantes, 1986). If sea 
turtles are 1n1der stress for some reason, as determined by high 
corticosterone levels, testosterone values may be increased due to 
adrenal steroid production. 
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Schwantes (1986) fotmd that.£=-. caretta captured in the Indian 
River using the same capture technique employed in this study had 
corticosterone levels significantly higher than C. caretta caught 
by a shrimp trawler in the Port Canaveral Channel, Florida. This 
suggested that Indian River l _oggerheads were under more stress than 
the Port Canaveral loggerheads. I attempted to determine if serum 
testosterone levels were greater in the stressed Indian River 
loggerheads as a result of adrenal testosterone production. I also 
attempted to discover if young ..Q.=._ 'mydas have higher serum testosterone 
levels due to stress from the occurrence of papillomatous growths. 
These warty growths occur on 57% of Indian River green turtles and 
can be debilitating to the animal (L. Ehrhart, pers. connn.). 
METHODS 
Blood Collection 
Blood samples for testosterone analysis were obtained from sea 
turtles captured in three different localities. The main capture site 
was a bay in the Indian River located at the northern end of Indian 
River County, Florida. Turtles were captured by use of a 460 m long 
tangle net which was suspended from the surface with floats. The net 
was four meters in depth, enabling the lead line to be in contact 
with the bottom of the lagoon at all times. Water depth is no more 
than two to three meters at the netting site. A crew of two to four 
people, working in a 5 meter boat, checked the net continuously to 
remove captured turtles. Starting in April 1986, and continuing 
through March 1987, netting for turtles took place approximately once 
per week, with a greater netting effort occurring in the summer months 
of 1986. Hours of netting were usually between 0700 and 1800 EST. 
Almost all turtles caught at this location were immature. 
Another source of blood was from 40 C. caretta captured in 
August 1986 in the Port Canaveral Ship Channel in Brevard County, 
Florida. These turtles were captured by a shrimp trawler using 
shrimp nets during the hours of 0900 and 1800 EST. Both immature 
and adult turtles were caught at this site. Blood samples were also 
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drawn from adult female _h caretta obtained while they nested on 
beaches in south Brevard County, Florida, during June, July, and 
August 1986. Some 50 turtles were sampled during the hours of 2100 
to 0300 EST. Bleeding normally took place after they had deposited 
and covered the eggs and were returning to the ocean. 
Blood samples from turtles caught at the Indian River and Port 
Canaveral Channel sites were taken as soon after capture as possible. 
For all turtles, blood was taken from the dorsal cervical sinus 
using the method described by Owens and Ruiz (1980). Approximately 
eight ml of whole blood was drawn from each turtle into sterile 
vacutainers. It was stored on ice while in the field, then taken 
to the lab to be centrifuged, no more than 12 hours after being drawn. 
The serlllll was collected and then frozen in vials at -20 °c for later 
hormonal analysis. At the time of capture, cloacal temperatures and 
several morphometric measurements were taken for each turtle. 
Testosterone Radioimmunoassay 
Testosterone levels were determined by use of a radioinmn.moassay 
similar to that described by Coyotupa et al. (1972). Testosterone 
antibody was purchased from Cambridge Medical Di_agnostics and diluted 
1:4,500 in a phosphate buffer saline solution containing BSA. 
Tritiated testosterone was obtained from New England Nuclear and 
diluted with saline in order that a .1 ml aliquot would yield 
approximately 7000 CP:M. Testosterone standard was obtained from 
Steraloids Inc. Chemicals and glassware were purchased from Fisher. 
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All assays were performed in labs of the Biology and Chemistry 
departments at the University of Central Florida. 
Normally, one ml aliquots of serum were extracted with 4 mls 
of anhydrous ether by rapid vortexing. The amount of serum used was 
varied depending on the concentration of testosterone expected for 
each sample. After freezing the aqueous layer in liquid nitrogen, 
the ether phase was poured off and dried under nitrogen while in a 
37 °c water bath. The dried residue was then reconstituted with one 
ml of acetone. Two 400 ul aliquots were removed and dried overnight 
in air. After 24 hours of drying, 100 ul of tris/gel buffer was 
added to each sample, they were vortexed, then left in a water bath 
for 30 minutes at 37 °c. Standard tubes were prepared with 100 ul of 
testosterone at concentrations of 1.6, 3.1, 6.3, 12.5, 25.0, 50.0, 
100.0, and 200.0 pg/ml in order to construct a standard curve. Total 
count tubes contained 1200 ul tris/gel buffer and 100 ul trace. 
Control tubes for non-specific binding contained 200 ul tris/gel 
buffer and 100 ul trace. Control tubes for total binding contained 
100 ul tris/gel buffer, 100 ul trace, and 100 ul antibody. All 
standard and sample tubes were given 100 ul of antibody and 100 ul 
of trace. The tubes were then allowed to incubate overnight at 4 °c. 
The next day, one ml of a charcoal/dextran suspension was added 
to all tubes except total count tubes. They were vortexed, incubated 
for 15 minutes in darkness at 4 °c, then centrifuged for 15 minutes 
at 900 g's. The supernatant containing the unbound tritiated testos-
terone was poured into scintillation vials, 5 mls of Scinti-Verse II 
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scintillation cocktail was added to each, then all samples were 
connted for one minute on a beta scintillation connter. 
From t~2._ s:tandard curve generated, testosterone values for all 
samples ~e·re obtained. In order to check for variation within and 
between assays, duplicate one ml samples from a pooled stock of 
turtle sermn were run in each assay. The intraassay coefficient of 
variation was 18% and the interassay coefficient of variation was 
30%. The efficiency of the ether extraction procedure was fol.Illd for 
each assay by adding 100 ul of tritiated testosterone to a one ml 
serum sample, extracting it, then counting for radioactivity. 
Extraction efficiency of testosterone from serum samples ranged 
from 62% to 85%. Final testosterone values for all samples were 
calculated by correcting for the less than 100% extraction. 
Data Analysis 
The IDinimum size of loggerhead turtles nesting in the Southeastern 
U.S. is 76 cm straight line carapace length . (Hirth, 1980). In this 
study, only turtles under 76 cm in carapace length were considered for 
hormonal analysis, except as noted. This was to exclude testosterone 
values of adults from the study which would tend to be greater than 
those of immature turtles. Data were analyzed using nonparametric 
tests in roost cases because testosterone values were non-normal in 
distribution. 
Blood samples were grouped by season. Blood samples from 
December, January, and February were designated as winter; March, 
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April, and May as spring; June, July, and August as summer; and 
September, October, and November as fall. 
RESULTS 
Annual Testosterone Cycles 
Serum testosterone levels of immature.£.:_ caretta were not 
significantly different among the four seasons (Kruskal-Wallis one-
way AN0VA, H = 1.75, p = 0.6). Lowest levels were in the winter and 
spring while highest levels were observed in summer (Table 1). There 
were wide ranges of values in all seasons. Testosterone levels of 
immature~ mydas also showed no significant difference between seasons 
(Kruskal-Wallis one-way AN0VA, H = 1.65, p = 0.6). Levels were lowest 
in the winter and highest in the sunnner (Table 2). These turtles 
also showed wide ranges of values, especially in the summer and fall. 
The mean testosterone levels for loggerhead turtles were 
significantly greater than those for green turtles in all four seasons 
(two-way AN0VA on log transformed data, F = 10.5, p = 0.002). Figure 1 
shows that the two species parallel one another in hormone levels 
throughout the year, a slight increase being evident in the slllilIDer 
months for both. The data presented in Tables 1 and 2 give mean 
testosterone levels for a gro¥p of turtles, yet it would be useful 
to know how hormone levels vary over . time within individuals. 
Three C. caretta from the Indian River were recaptured several 
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Figure 1. Seasonal changes in serum testosterone of innnature Caretta caretta 
(n = 37) and Chelonia mydas (n = 41). ~ caret ta represented by (1). 
_Q:_ mydas represented by(&). 
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in Figure 2. Loggerhead NNW 645, which was a maturing male, judging 
by tail length, had high levels of testosterone in April when first 
caught (1,176 pg/ml), then showed much reduced levels in Jlffie through 
November (564, 597, 582 pg/ml). Loggerhead NNW 666 had higher levels 
in May (403 pg/ml) than in January or Jlffie (313, 256 pg/ml). 
Loggerhead NNW 670 was caught five times during the study. Testos-
terone levels remained relatively constant March through December 
and never exceeded 83 pg/ml. 
Testosterone and Sex Determination 
In order to determine the sex ratio of turtles inhabiting the 
Indian River, testosterone levels were plotted against carapace length 
for C. caretta (Figure 3) and~ mydas (Figure 4). The highest 
testosterone value for a known female loggerhead (one which had died 
and been identified as female by examination of gonads) was 76 pg/ml. 
All turtles with lower values were designated as females. The lowest 
testosterone value for a male loggerhead (assumed to be male on the 
basis of an elongating tail} was 395 pg/ml. All turtles with higher 
values were designated as males. Turtles with intermediate values, 
between 76 and 395 pg/ml, were classified as unknmm. For green 
turtles, animals with levels below 78 pg/ml were assumed to be female, 
those above 78 pg/ml to be males. Sex ratios of loggerhead and green 
turtles were determined on the basis of testosterone levels from 
different times of the year. Because of the small number of verified 
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Figure 3. Serum testosterone values (pg/ml) by straight line carapace 
le?gth (cm} for Caretta caretta. Based on testosterone 
values, circles represent -males, closed circles represent 
males with elongating tails, squares represeµt females, 
closed squares represent surgically confirmed females, and 
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length (cm) for Chelonia mydas. Based on testosterone 
values, circles represent males, squares represent females, 
and closed squares .represent surgically confirmed females. 
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By this sexing technique, the sex ratio for Indian River C. 
caretta was fotmd to be 0.8 female to 1.0 male (Table 3). This was 
not significantly different from an expected ratio of 1.0 female to 
1.0 male (single sample test of proportions, Z = 0.47, p = 0.6). 
Indian River~ mydas showed a ratio of 0.9 female to 1.0 male 
(Table 4), which also was not significantly different from an expected 
1.0 female to 1.0 male (single sample test of proportions, Z = 0.16, 
p = 0.9). 
A group of dead.£:._ mydas which have been collected in recent 
years as strandings from the Indian River were sexed by examination 
of gonads. The observed sex ratio of 2.3 females to 1.0 male was 
close to being significantly different from a hypothesized 1.0 female 
to 1.0 male ratio (single sample test of proportions, Z = 1.88, 
p = 0.06). The tail lengths of these turtles were measured to 
determine whether males have longer tails than females (Table 5). 
There was no significant difference in the tail length/carapace length 
ratio of males and females (males= 0.159, females= 0.160, t-test, 
p = 0.9) making sex determination by tail length impossible. 
Sexual Maturation 
Indian River loggerheads that appeared to be maturing males, 
judging by tail length, did have larger tail length/carapace length 
ratios than any other group (Table 6). The smallest of the maturing 
males had a straight line carapace length of 66.1 cm, the largest, 
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Table 3 
Sex ratios for immature Caretta caretta from the Indian River. 
Ratios were compared to an expected 1.0 F: 1.0 M ratio using a 
single sample test of proportions. 
Study 
This Study 
















Study Z Value Significance (p) 
This Study 








Sex ratios for innnature Chelonia mydas from the Indian River. 
Ratios were compared to an expected 1.0 F : 1.0 M ratio using a 



























Tail length/carapace length ratios for immature male and female 
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A comparison of tail length/carapace length ratios for a group of 
maturing male and non-maturing Caretta caretta from the Indian River 
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81.0 cm (mean= 75.1 cm). Table 7 shows that these turtles had higher 
levels of serum testosterone than other loggerheads of similar size 
(Wilcoxon Rank Sum Test, Z = 2.3, p = 0.02). 
Table 8 compares sermn testosterone values for immature and adult 
loggerhead turtles. Immature turtles have levels significantly lower 
than adult females which had just nested (Wilcoxon Rank Sum Test, 
Z = 2.88, p = 0.004), but levels similar to those of adult females 
which made a false attempt at nesting (Wilcoxon Rank Sum Test, Z = 
0.08, p = 0.9). 
Adrenal Steroid Production and Stress 
I1II1llature C. caretta from the Indian River, which apparently are 
stressed, have higher yet not significantly different levels of serum 
testosterone than C. caretta from the Port Canaveral Channel (Table 9). 
Stressed~ mydas from the Indian River, having papillomatous growths, 
showed no difference in sermn testosterone values when compared to 
non-papillomatous C. mydas (Table 10). 
Carapace Length, Cloacal Temperature, and Captivity 
Variation in testosterone production by innnature sea turtles is 
apparently independent of size, as given by carapace length (Figures 
5 and 6). Analysis by linear regression reveals little correlation 
between testosterone levels and carapace length for loggerhead (Y = 
- .. ·oll + 5.82, R = .07, log transformed testosterone values) and green 
turtles (Y = 0.05X + 2.43, R = .52, log transformed testosterone 
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Table 7 
Serum testosterone values in pg/ml for maturing male and non-maturing 
Caretta ·caretta (CLSL = 66.1 - 81.0 cm). Results of Wilcoxon Rank 
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Serum testosterone values in pg/ml for ·caretta caretta, comparing 
immature turtles from the Indian River (IM) to adult females nesting 
on Melbourne Beach (MN) and females which false crawled on Melbourne 
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Z = 2.88, p = 0.004. 













Serum testosterone values in pg/ml for immature · caretta caretta from 
the Indian River and Port Canaveral Channel, Florida. Results of 
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Serum testosterone values in pg/ml for immature Chelonia mydas 
(CLSL R: 33.5-44.9 cm) with and without papillomatous growths. 
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,Figure 5. Testosterone values (pg/ml} agains·t straight line carapace 
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Figure 6. Testosterone values (pg/ml} against straight line carapace 
length (CLSL) (cm) for Cheloriia my·das (n = 41). 
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values). There is little correlation between testosterone levels 
and cloacal temperatures (Figures 7 and 8) of loggerhead (Y = 0.06X 
+ 3.57, R = .30, log transformed testosterone values) and green 
turtles (Y = 0.05X + 3.31, R = .20, log transformed testosterone 
values). 
In order to determine the effects of captivity on sea turtles, 
serum testosterone levels were found for two immature C. caretta at 
the time of capture and several hours later. Both turtles were kept 
in a boat in the period between the first and second blood sampling. 
Loggerhead NNZ 479 showed no change in testosterone levels after being 
in captivity 1.3 hours , while loggerhead NNZ 367 showed a decrease of 
104 pg/ml after 6.0 hours in captivity (Table 11). Both turtles 
had higher cloacal temperatures at the second time of sampling. An 
immature~ mydas was bled at consecutive two hour intervals during 
a 12 hour period and testosterone values determined (Figure 9). 
Levels were highest at the time of capture (1800 hours), dropped 
by over 250 pg/ml to a low at midnight, then were elevated and 
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Figure 7. Testosterone yalues (_pg/.ml) against cloacal temperature 
(-oC) for Caret ta caret-ta (n ·= 36). 
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Table 11 
Serum testosterone values in pg/ml for two captive Caretta caretta 
from the Indian River. Sampling was at the time of capture and 
several hours later. 
NNZ 479 
Time of Sampling (hours) Date 
1340 29 July 86 
1500 29 July 86 
NNZ 367 
Time of Sampling (hours) Date 
0840 24 Oct. 86 
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Figure 9. Serum testosterone values for a Chelortia mydas, number 
NNZ 305, sampled every tw-o hours for · a twelve hour period 
on 8-9 August, 1986. 
DISCUSSION 
Sert.ml testosterone values for innnature sea turtles do not appear 
to change significantly over a period of one year. Tables 1 and 2 
indicate that testosterone levels remain relatively constant in 
consecutive seasons and show no cycling pattern as would be seen in 
adult turtles, which are reproductively active. Testosterone levels 
are not significantly different between the seasons, however, slight 
differences in levels are apparent. Mean testosterone levels are 
greatest in the summer months and lowest in the winter and spring 
period for both species. Winter cloacal temperatures were at least 
10 °c lower than smnmer temperatures, and temperature may well have 
had an effect on hormone levels. Even though there was not a good 
correlation between cloacal temperatures and testosterone levels 
(Figures 7 and 8), it is still probable that higher temperatures in 
the slilIII1ler led to the slight increase in mean testosterone values. 
If the radioinnnunoassay used were less variable, testosterone values 
may have shown a closer relationship to cloacal temperatures. 
Individual turtles which were recaptured several times during 
the study provided valuable information on annual testosterone cycles 
(Figure 2). Loggerhead NNW 645, which was believed to be a male, 
showed signs of a long tail relative to straight line carapace length, 
which was 80 cm. It is likely that the turtle was close to being 
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sexually mature and had an adult-like testosterone cycle. April is 
presmnably the breeding month for loggerhead turtles in Florida waters 
and it appears that testosterone levels are highest during this time 
in male loggerheads. An adult male loggerhead caught in April from 
the Indian River had very high serum testosterone levels (30,400 pg/ml) 
compared to an adult male from the Port Canaveral Channel sampled in 
August (590 pg/ml). A IIlDre complete study of adult males is needed 
to confirm the relationship between high testosterone levels and 
mating activity in sea turtles. It would be interesting to know if 
testosterone levels are elevated during spermatogenesis as well. 
Loggerhead NNW 666 showed a testosterone peak in the month of 
May and lower levels in January and Jtme. The loggerhead may have 
been an iilllllature male that was showing some signs of elevated levels 
during the breeding season. Loggerhead NNW 670 was a female, judging 
by its low testosterone values. Values were constant and no hormonal 
cycle was evident. This iIDlilature loggerhead did not show an elevated 
testosterone level during the mating and nesting period as was 
reported for adult female ~ mydas (Licht et al., 1980). 
Owens et al. (1978) fotmd testosterone values of 1,030 pg/ml 
for five year old green turtles held in captivity at the Cayman 
Turtle Farm. This is much greater than the average value for green 
turtles found in this study (149 pg/ml). The Turtle Farm's turtles 
weighed more than turtles in this study (40 kg compared to 14 kg) and 
were likely several years older, so testosterone may have been greater 
hecause the turtles were closer to sexual maturity. Wibbels et al. 
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(In Press) measured testosterone levels of loggerhead turtles from 
the Indian River during the sunnner months of 1983. Levels were much 
lower in those turtles (mean 121 pg/ml, range 19-300 pg/ml) as compared 
to turtles in this study (mean 420 pg/ml, range 51-1429 pg/ml). 1he 
sizes of turtles were not different and presumably the ages were 
similar in both studies. 
The effect of captivity on androgen levels was 1.Illclear because 
of the small number of cases studied. Loggerhead NNZ 479 showed the 
same testosterone values after 1.3 hours in captivity as it did at the 
time of capture yet loggerhead NNZ 367 showed a decrease in levels 
after 6.0 hours of captivity (Table 11). Small sample size not with-
standing, it may be that androgen levels become depressed in captive 
sea turtles, as in other turtles, but it takes between 1.3 and 6.0 
hours for the decrease to show. 
The green turtle sampled at two hour intervals from 1800 to 0600 
hours showed decreased testosterone levels after the first two hours 
and a low after six hours. Concentrations then increased and leveled 
off after eight hours. The profile seen in Figure 9 appears to show 
a daily cycle of testosterone production independent of the effects 
of captivity. It is possible that the daily cycle of testosterone 
secretion will continue but at a reduced amplitude. Hormone levels 
never were as high during captivity as at the initial time of capture. 
The possibility that there is a daily cycle in sea turtle androgen 
secretion warrants cautious interpretation of results from this study. 
Blood samples were taken at the time of a turtle's capture, which 
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could range over an 11 hour period~ It is possible that some turtles 
were sampled at times of lowest testosterone levels during the daily 
cycle and some at the time when levels were at the highest. Future 
studies of this kind should include attempts to sample turtles at the 
same time each day in order to negate the effects of a daily testos-
terone cycle. 
It appears that stress has little effect on sennn testosterone 
values in immature sea turtles. Loggerhead turtles from the Indian 
River which showed signs of stress by having high corticosterone 
levels (Schwantes, 1986), had testosterone values similar to 
loggerheads from the Port Canaveral Channel (Table 9). Papillomatous 
green turtles showed testosterone values similar to non-papillomatous 
turtles (Table 10). Even though there was no difference between 
stressed and non-stressed turtles as a whole, there were some 
exceptions. A female loggerhead having large tmnors, which proved 
lethal after six months, showed an elevated testosterone value of 
661 pg/ml, this being higher than levels for some males. The two 
green turtles with the worst cases of papillomatous growths had the 
highest testosterone values (124, 253 pg/ml) of all papillomatous 
turtles. It might be that the adrenal glands do not produce a 
detectable amount of testosterone in response to stress except 
1.ID.der the most extreme of stressful situations. It is also possible 
that the adrenals are producing another androgen besides testosterone 
which this radioimmunoassay could not detect. Testosterone is the 
major androgen in turtles (Bourne and Licht, 1985); however, it is 
not known what the primary adrenal androgen is. 
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By measuring testosterone levels, I hoped to determine sex 
ratios of the immature populations of green and loggerhead turtles 
in the Indian River. I found that male and female C. caretta are 
·present in similar numbers. This agrees with findings by Wibbels 
et al. (In Press) for the Indian River but is in contrast to their 
determination that females outnumber males significantly in two other 
areas of Florida and in the southeastern U.S. as a whole. It is 
unclear why there are fewer females in the Indian River as compared 
to other areas. Perhaps the Indian River loggerheads are slightly 
older than other immature populations in the Southeast and more females 
have become sexually mature and left the area to take-up the adult 
lifestyle. This would assume that females mature at an earlier age 
than males. If a larger sample size had been used in the two studies, 
females may have significantly outnumbered males. If immature 
population sex ratios are skewed toward females and sex specific 
mortality is not occurring, adult populations would be mostly female. 
The Indian River green turtle population appears to have similar 
nmnbers of males and females. The survey of stranded green turtles 
indicates twice as many females as males (Table 4), this being close 
to significantly different from one-to-one. There are currently no 
other studies of immature~ mydas sex ratios with which to make 
comparisons. 
The sex determination method employed in this study would have 
been better verified if some turtles had been laparoscopied and sex 
determined by examination of the gonads. Pivotal testosterone values 
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for males and females had to be determined by examination of the few 
turtles which died during the study or on turtles which appeared to 
have elongating tails. There was not a clear separation of testosterone 
values (Figures 3 and 4) to help distinguish males from females. The 
maximum testosterone value recorded for a known female C. caretta 
was 76 pg/ml and the minimum value recorded for a known male was 395 
pg/ml. Wibbels et al. (In Press) recorded much lower maximmn and 
minim1.Illl values (31 and 76 pg/ml) on~ caretta which were laparo-
scopically examined. Morris (1982) made predictions about sex of 
innnature b_ kempi based on testosterone levels of males being greater 
than 200 pg/ml and those of females being less than 200 pg/ml. 
A problem with the testosterone sexing technique became apparent 
when values for recaptured loggerhead turtles were compared. Using 
the maximtnn value of 76 pg/ml for designation of females and a 
minimum value of 395 pg/ml for males, some recaptured turtles could 
be categorized as being males during one season and of an lID.known sex 
in another season. Loggerhead NNW 640 was a male in July (964 pg/ml) 
and of lID.known sex in April (219 pg/ml). Loggerhead NNW 654 was a 
male in July (398 pg/ml) and of unknown sex in April (163 pg/ml) . 
Sex ratios should be determined at different times of the year in 
order to accol.D:lt for seasonal variation in testosterone levels if 
this sexing technique is to be used effectively. 
Immature green turtles from the Indian River have lower serum 
testosterone levels than adult green turtles from }1exico (Licht et 
al., 1980).. Innnature loggerhead turtles showed lower levels of 
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testosterone than adult females nesting on Melbourne Beach (Table 8) 
and adult males caught during the study. However, adult females which 
"false crawled" (did not nest) had levels similar to immature turtles. 
Female sea turtles show a prononnced surge in testosterone and 
progesterone just after oviposition (Licht et al., 1979), which 
probably explains the higher levels in nesting females as compared 
to the false crawlers. Another explanation could be that nesting 
females have higher levels of testosterone during mating and the first 
part of the egg laying season, with levels then decreasing toward 
the end of the season. Blood samples of the false crawling turtles 
from Melbourne Beach were obtained near the end of the laying season 
(August) and one turtle which laid eggs on August 27 had levels similar 
to the false crawlers (133 pg/ml). 
A yearlong testosterone study on adult sea turtles is lacking 
but it would appear that immature turtles do not produce reproductive 
hormones in quantities similar to reproductively active mature animals, 
at least during the breeding and nesting seas-on. Indian River 
loggerhead turtles may have levels similar to adults during times 
of reproductive inactivity because the immature turtles are only a 
few years away from sexual maturity. Indian River loggerheads have 
higher levels of testosterone than Indian River green turtles, 
probably because the loggerhead population is composed of older and 
larger individuals. More loggerheads are nearer sexual maturity and 
show testosterone levels similar to adults. 
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The smallest Indian River loggerhead that appeared to be a 
maturing male, judging by tail length, had a straight line carapace 
length of 66.1 cm. The mean carapace length for this group was 75.1 
cm. The serum testosterone level of this group was significantly 
greater than levels for other loggerheads of similar size (Table 7). 
This adds support to the idea that they are males beginning to produce 
adult levels of testosterone. One recaptured maturing male, NNW 645, 
showed an annual testosterone cycle similar to that which would be 
seen in an adult male with a peak during the mating season (Figure 2). 
If loggerhead turtles in the Indian River become sexually mature 
at a carapace length of around 75 cm, this would be in close agreement 
with the size of the smallest nesting female turtles seen on Cape 
Canaveral, Florida beaches, which are 74 cm (Ehrhart, 1979).. The 
one green turtle with a long tail caught in the Indian River had a 
carapace length. of 71.8 cm and a high testosterone value at 1,088 
_pg/ml. This is in good agreement with Caldwell's (1962} statement 
that secondary sexual characteristics become evident at a carapace 
length of 75 cm in Chelortia mydas carrinegra. I believe that 
loggerhead and green turtles can become mature at a length of 75 cm 
but that size at sexually maturity is highly variable. Individual 
sea turtles may be of similar age at sexual maturity but widely 
ranging growth rates lead to the variability in size at maturity. 
The results of this study suggest the following scenario. 
Innnature sea turtles have lower serum testosterone levels than adults 
and levels remain relatively constant throughout the year. Higher 
47 
temperatures in the summer apparently bring about a slight increase 
in levels. As a turtle nears the age of sexual maturity, testosterone 
levels are elevated and turtles begin showing adult-like yearly 
hormone cycles. Male secondary sexual characteristics then become 
evident. Salmon fry show migratory behavior when injected with 
testosterone (Hoar et al., 1955) and it is possible that higher levels 
of testosterone induce the maturing sea turtles to leave developmental 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 16. Summary of morphometric data from ·Chelonia mydas carcasses 
collected as strandings from the Indian River. Sex is 
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